Abstract: Fifty mosses are reported new for the island of Kauaʻi. Sixteen species represent the first collection for the State of Hawaiʻi and are indicated by an asterisk (*). The moss flora of Kauaʻi is comprised of 170 taxa.
Introduction
It has been more than a decade since a revised checklist of Hawaiian mosses was published (Staples et al. 2004) . That literature-based work lists 273 native and naturalized taxa known to comprise the Hawaiian moss flora (Staples et al. 2004) . Of this total, 120 taxa, or nearly 44% of the total number, had been documented previously from the island of Kauaʻi. By comparison, 152 taxa were listed for the nearby and slightly larger island of Oʻahu. Based on herbarium collection data from both the National Tropical Botanical Garden (PTBG) and Bishop Museum (BISH), about 4 times as many moss herbarium specimens have been made from Oʻahu as have been collected from Kauaʻi. This no doubt reflects Oʻahu's role as the state's center of higher education as well as a first stop for most island visitors. This first project to update the moss flora of the state of Hawaiʻi focusses on the island of Kauaʻi since the number of collections available for study is markedly fewer than those available from the larger islands of Oʻahu, Maui and Hawaiʻi.
We also recognize the great need to conduct a similar study for the hepatics. This task, however, is beyond our capabilities and while we acknowledge the importance of the hepatic Hawaiian flora, especially within the cloud forest environments, we hope other bryologists will focus on this taxonomic group in the very near future. There remains much to document in the hepatic flora within Kauaʻi and the other islands in the state of Hawaiʻi.
Kauaʻi, at 552 mi 2 (1430 km 2 ), is the fourth largest of the Hawaiian Islands. There is limited road access up to 4200 feet, and the highest peaks on Kauaʻi remain difficult to access. Kawaikini at 5243 feet (1598 m) is the highest point on Kauaʻi and neighboring Waiʻaleʻale, the second highest peak at 5169 feet (1576 m) is reported to be among the wettest places on Earth. Many portions of forest reserves are best accessed by helicopter making field work both challenging and expensive. Frequent rainfall and exceedingly steep terrain also make surveying remote areas difficult. The island is divided into land Districts. We have utilized this land division on our specimen labels as another way to visualize the distribution of taxa among various land units.
Based on the level of visitation over decades to the Hawaiian Islands, one would assume that the bryoflora of Hawaiʻi would be well documented; however, several species reported for the state by Bartram (1933) have not been re-collected or observed since. A few of these species are represented by a single collection as the sole basis for a component of the island bryoflora and are likely to be construed as misidentifications once the source specimens are located and re-examined. Also, herbarium processing errors can result in inaccurate documentation of collections attributed from the Hawaiian Islands. There also remains a number of moss species reported for Kauaʻi that we did not relocate. In addition, there was also a period in the second half of the 20 th century when bryologists viewed the number of endemics described from Hawaiʻi as nothing more than distant range extensions or slight morphological forms and variations of otherwise widespread Pacific Basin species. Many Hawaiian endemics were only known from a handful of specimens. Based on our field work, we are of the opinion that some of the sinking of Hawaiian endemics into synonymy of more far ranging species was not based on strong morphological evidence or detailed examination of Hawaiian collections. We anticipate that some State endemics will likely need to be re-instated based on molecular data. Also in a few cases, species names have been misapplied to Hawaiian material, and therefore, may need to be recognized under a different circumscription.
Historically most moss collections from Kauaʻi can be linked to major hiking trails in Kokeʻe State Park in the northwest corner of the island and along the Kalalau Trail on the north side of the island. These collections most often represent just a few genera of large, showy mosses such as Campylopus, Leucobryum, Macromitrium, Pyrrhobryum and Thuidium. In addition, the hepatic genera Bazzania and Herbertus are frequently collected as 'undetermined mosses'.
The authors initiated an effort to systematically collect from all habitat types on Kauaʻi, and specifically targeted under-collected areas throughout the island. In this report we list 50 mosses as new for the island of Kauaʻi and 16 species represent the first collection for the State of Hawaiʻi. These are indicated by an asterisk (*). In addition, the circumscription of several mosses are now recognized differently from that in either Bartram (1933) or Staples et al. (2004) .
With numerous streams, waterfalls and rivers in a tropical climate, it is not surprising that many mosses are rheophytic to aquatic, where they are attached to rocks in swiftly flowing currents. As a percentage of the moss flora, nearly 10 percent of the mosses of Kauaʻi are predominantly within riparian habitats where they are either in the splash zone, occasionally inundated, or seasonally submerged. Mosses that are nearly exclusively rheophytic in their ecology or found primarily in similar riparian habitats include: Anomobryum angustirete, Baldwiniella kealeensis, Bryum baldwinii, Donrichardsia bartramii, Ectropothecium zollingeri, Fissidens pacificus, Fissidens grandifrons, Glossadelphus limnobioides, Hageniella micans, Hyophila involuta, Limbella tricostata, Oxyrrhynchium sellaginellifolium, Papillidiopsis aquatica, Philonotis spp. and Phyllodon lingulatus . A large number of these rheophytic species are endemic to the state of Hawaiʻi which in itself is a fascinating evolutionary research topic to pursue.
Another interesting topic is the distribution of mosses among the Hawaiian Islands. The distance separating Kauaʻi from Oʻahu is only 63 air miles, yet 25 species documented from Oʻahu have not been located on Kauaʻi, despite both islands having similar vegetation and elevational range. We are of the opinion that there remains a high probability of encountering these taxa on Kauaʻi during future surveys as much of Kauaʻi remains inaccessible and many species could occur in exceedingly small micro-environments that are easy to overlook. We also anticipate that with ongoing exploration additional mosses new for the Hawaiian Islands will be discovered. The only species of Barbula reported previously for the State was B. indica (Hook.) Spreng. Although similar in appearance, these two species are readily distinguished by costal morphology and location and size of gemmae. In B. convoluta, the costa has scattered, hollow or solid papillae, and propagula, when present, are rhizoidal; whereas in B. indica, the back of the costa is often rough to mammillose, cells are prorate on both ends, and propagula are often present and axillary. Among the various Campylopus taxa reported from the state of Hawaiʻi, this is the only species not previously reported for the island of Kauaʻi. Although several varieties were recognized in Staples et al. (2004) , we view these taxa to be quite variable, and therefore, we have taken a more conservative approach. However, future molecular data may either support these varieties or placement at different taxonomic rank. This species was obtained from compacted clayey soil in full sun at an emergency heliport landing site. Previously it was known from the island of Oʻahu (Staples et al. 2004) . The monospecific genus Chenia is a very small terrestrial moss than can easily be overlooked and apparently prefers disturbed sunny soil. There seems to be some confusion on the names applied to Hawaiian Claopodium with three species previously reported for the state now placed in synonymy. Two species of Claopodium were recognized in Staples et al. (2004) with the other species, C. whippleanum, similar in appearance. While C. whippleanum is generally a soil moss, C. prionophyllum seems to prefer boulders. The two species also have a slight difference in coloration where C. prionophyllum is generally deeper green. This species was previously reported for the islands of Oʻahu, Maui and Hawaiʻi. Although the genus Ctenidium has long been placed in the Hypnaceae, molecular data suggest it is better aligned within the Hylocomiaceae. Because of its small size, plants of Dicranella are easily overlooked although they can be fairly common on compacted clayey soil especially along trail and road banks in sun. However, sporophytes are nearly always required for proper identification of the five species reported for the State. The male plants look considerably different from female plants when they are intermixed. This species was previously reported from Oʻahu, Molokaʻi, Maui and Hawaiʻi in Staples et al. (2004) . This rheophytic Hawaiian moss was originally considered to be Eurhynchium muelleri, a species from New Guinea and Java where the Hawaiian records are the easternmost outpost. Bartram (1933:215) states "although these plants are in most respects similar to E. mülleri of Java, they may, because of the considerably larger and slightly striate leaves, shorter areolation, and the usual minute terminal prickle on the back of the costa, be separable as an insular form." A molecular study conducted by Huttunen and Ignatov (2010) Although reported for several Hawaiian Islands in Staples et al. (2004) , this is the first report for Kauaʻi. Ectropothecium remains a very difficult genus with many species poorly understood. Described by Bartram (1933) This is a large dark green Fissidens with a multistratose leaf lamina which give the plants a rather stiff texture. The initial Kauaʻi collection was smaller and less robust than many specimens studied in herbaria, but the leaf cross sections confirm this species as a new element for the Hawaiian bryoflora. A revisit in 2018 confirmed its presence with more typical sized plants which grew on rock walls with dripping water. Floribundaria is a moss that is frequently pendulous from hardwood branches and twigs. The exceedingly fine branches and golden cast of the plant make it easy to spot in the field. Previous Hawaiian records are for Oʻahu, Maui and Hawaiʻi (Staples et al. 2004) . Among the most common mosses in the world, this species was previously reported by Staples et al. (2004) only for the islands of Oʻahu and Hawaiʻi. This site was a pine plantation that had recently burned and plants became locally common. In Staples et al. (2004) , several Bryum taxa including G. apiculatum are listed as synonyms of Bryum mildeanum Jur. We have not encountered any collections of B. mildeanum from the state of Hawai‛i. Bryum mildeanum is now placed in the genus Imbribryum. We find little evidence to suggest that G. apiculatum could be misinterpreted or viewed as Imbribryum mildeanum (Jur.) J.R.Spence; we conclude that this proposed synonymy is perplexing and erroneous. Nonetheless, we have several specimens from Kauaʻi of Gemmabryum apiculatum and can reinstate it to the island flora. Gemmabryum coronatum is a widespread and common pantropical species.
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Glossadelphus M.Fleisch. [Hypnaceae]
The genus Glossadelphus in the state of Hawaiʻi is basically a group of mosses restricted to or usually in flowing water where they are most often attached to rock surfaces. Many occurrences would be characterized as being semi-rheophytic to rheophytic. Six of the seven species of Glossadelphus in Bartram (1933) Staples et al. (2004) mentions the uncertain generic placements for several Hawaiian mosses formerly assigned to Glossadelphus. Since all of our Glossadelphus collections are sterile we are unable to resolve these placements without additional molecular insights. Therefore, in this paper we retain Glossadelphus for those species not transferred by Buck (1987) and that by default remain in the Hypnaceae. Staples et al. (2004) list four species of Glossadelphus, however, none were reported for Kauaʻi and a fifth species, Glossadelphus baldwinii Broth. was transferred along with G. laevifolius to Taxiphyllum laevifolium (Mitt.) W.R.Buck. See our entry below under Phyllodon for additional information regarding this moss and our different conclusion. Staples et al. (2004) also placed Glossadelphus chryosbasilaris Broth. as a synonym of Glossadelphus ogatae following the treatment presented by Tixier (1988). However, we view this species as distinct from G. ogatae. Tixier (1988) apparently was either unaware or lacked specimens of Glossadelphus acutifolius E.B. Bartr. and G. limnobioides Broth., both described as Hawaiian endemics, since they are not referenced in his monograph. The Glossadelphus species endemic in Hawaiʻi would be very good candidates for a molecular study to determine their generic and family placement. Determined by Mashuri Waite and David Toren. This is a widespread species previously reported for the state of Hawaiʻi only from the island of Oʻahu (Staples et al. 2004) . It is probably a recently introduced species and likely to remain restricted to anthropogenic sites. This species was reported by Staples et al. (2004) only for the islands of Maui and Hawaiʻi. The Kauaʻi occurrence is mixed with Sematophyllum subpinnatum, and when grown together they can be similar in appearance. Heterophyllium subauriculatum has coarsely serrated leaf apices which will easily distinguish it from Sematophyllum species. This specimen was originally considered to be closest to Bryum cf. baldwinii [=Pohlia b.] as determined by W.A. Weber in 1991. However, the plants have leaves with a rounded apex and laminal cells large and thin-walled with a narrow, weak border. Initially we thought this plant could represent Plagiobryoides cellularis (Hook.) J.R.Spence. This species, previously known as Bryum cellulare, occurs widely throughout the tropics. Unfortunately, the Kauaʻi collection is sterile. Examined material of the Hawaiian species Bryum megalostegium Sull., considered a synonym of Gemmabryum apiculatum, is similar to the specimen, but is much smaller and produces rhizoidal tubers. After careful review, Spence determined this plant is likely to represent an undescribed species of Imbribryum, even though it superficially resembles Plagiobryoides cellularis. Additional field work remains with the hope of finding this species with sporophytes. Molecular data is also needed to assist in determining the best generic placement for this species. At some point this new species will be described. This Asian species is clearly becoming the most invasive moss in Hawaiʻi. For decades this moss has been known by the name Hypnum plumaeforme. Based on the Melbourne Code the spelling of this moss was changed to Hypnum plumiforme and based on a recent molecular paper (Schlesak et al. 2018) , this moss is now transferred into a new genus as Insomniella. 'Hypnum plumaeforme' was not reported for the Hawaiian Islands by Bartram (1933 Bartram ( , 1939 , and the first record of this species for the island of Hawaiʻi is based on collections obtained in 1955 (Hoe 1974) . Staples et al. (2004) only added this species as new for the island of Maui. However, collections on Kauaʻi from the early to mid-1990s (listed above) indicate that this species was already common at that time. It is surprising that such a large, mat-forming moss would not have been collected previously unless it was misinterpreted as a robust Ectropothecium or Vesicularia. If I. plumiformis did arrive in Kauaʻi only in the past 70 years then it has spread into wet rain forest habitats rather quickly where it is now a common moss on the forest floor, especially in the Alakaʻi Swamp region. Hypnum plumiforme has long been viewed as an aggressive introduced species on the Big Island (Waite 2007). Bartram (1933) . No species of Leucoloma were reported as occurring on Kauaʻi by Staples et al. (2004) . Leucoloma scaberulum was not reported in Bartram (1933) ; it was described six years later (Bartram 1939 This species is easy to recognize since it is the only member of this genus with conspicuous hair points. However, plants can occur in such small tufts that it can be easily overlooked among other mosses. The Waimea occurrence of Orthotrichum diaphanum occurs as isolated tufts among extensive populations of Fabronia nietneri Müll.Hal. Orthotrichum diaphanum is likely to be found in other drier hardwood forests within the Waimea Canyon. Staples et al. (2004) lists Hawaiian records only for the islands of Hawaiʻi and Maui. This species is widely scattered across Malesia and its presence in the Hawaiian Island group is not surprising. The strongly concave leaves with a markedly constricted leaf acumen and the weakly papillose to entirely smooth leaf areolation help to identify this species from its closest ally, P. ramulina (Thwaites & Mitt.) W.R.Buck & B.C.Tan. The preferred habitat of P. aquatica on rocks and boulders in shaded streams also helps to separate the two taxa. Papillidiopsis aquatica was at one time considered a synonym of P. ramulina. See Ho and Tan (2002) for a review of the history of this species. These collections were attached to seasonally submerged volcanic rock-slabs and boulders. Staples et al. (2004) reported this species from Oʻahu, Maui and Hawaiʻi.
Glossadelphus acutifolius
Hookeria acutifolia
Insomniella plumiformis
Leucoloma scaberulum
In our view, Glossadelphus baldwinii was incorrectly placed into synonymy with Glossadelphus laevifolius (Mitt.) E.B.Bartr. by Tixier (1988) . The two species differ in their leaf marginal serration, which is strongly bigeminate in G. baldwinii and only singly toothed, or at times weakly bifid, in G. laevifolius. The laminal cells of G. baldwinii are strongly prorate at both ends, while those of G. laevifolius are smooth. A comparison of the illustrations of the former species in Bartram (1933, fig. 179 ) and the latter in Sharp et al. (1994, fig. 747, c-e) will clarify the confusion made by Tixier (1988) regarding these two taxa. In Staples et al. (2004) , the authors chose to follow the synonymy of Tixier (1988) . Glossadelphus laevifolius was viewed by Buck (1987) to represent a species of Taxiphyllum and a new combination was proposed as Taxiphyllum laevifolium (Mitt.) W.R.Buck. Staples et al. (2004) applied that circumscription in the updated checklist. While G. baldwinii in our opinion is not a synonym of G. laevifolius, it can be comfortably synonymized with Phyllodon lingulatus. Again, a comparison of the species descriptions and illustrations of these two species published in Bartram (1933, for G. baldwinii) and Noguchi (1994, for Glossadelphus lingulatus) support our taxonomic conclusion proposed here. As a new genus name for the Hawaiian island group, Phyllodon lingulatus is a widespread species occurring in Taiwan, Japan, Vietnam, Philippines and Indonesia. This species seems to prefer wet rocks. A rather widespread species in Asia, this richly fruiting collection was made in a cultivated setting on nylon shade cloth of a greenhouse and we consider it likely to become an adventive component of the Hawaiian moss flora. Exactly when this species was introduced to Kauaʻi is unclear. This collection was made in a cultivated setting on a greenhouse weed mat floor and is likely to be another moss that could possibly expand beyond its initial occurrence and become an escaped exotic component of the Hawaiian moss flora. At this time we have not been able to determine the species name to apply to this collection. This species was first noticed and identified by Mashuri Waite and is apparently a recent introduction although a cursory search at this locality during January 2015 failed to relocate it. Rhytidiadelphus squarrosus can become a lawn weed when climatic conditions are favorable and can colonize roadsides where grasses and other herbaceous vegetation are periodically mowed. Considering the number of people who visit annually to the Puʻu O Kila Lookout and surrounding habitat within moist cloud forest environments, one would expect introduced mosses to appear periodically at this location but hopefully not persist. Sematophyllum subhumile and S. subpinnatum (Brid.) E. Britton are the two most widespread species of the genus in Asia and Australasia. Their distribution reaching the Hawaiian Islands in the Pacific Ocean is to be expected. The two species differ in the length of leaf apical cells which are oval to rhomboidal in S. subpinnatum and oblong to elongate in S. subhumile. Good illustrations of the differences in plant morphology between the two taxa are presented in Ramsay et al. (2002) .
*
The var. contiguum differs mainly from the var. subhumile in having somewhat narrower, longer more acuminate leaf apices. See Ramsay et al. (2002) for other morphological differences between the two varieties and the list of synonyms placed under var. contiguum. The var. contiguum appears to be widespread in Australasia reaching Oceania in distribution.
Sematophyllum subpinnatum (Brid.) E.Britton [Sematophyllaceae] The broadly defined lamina and a broadly acute to nearly round leaf apex makes this an easily recognized form of S. subpinnatum. Plants with intermediate leaf forms in transition from fo. tristiculum to fo. subpinnatum can be observed. Although this was earlier recognized as a species and then later considered only worthy of varietal recognition, observation of the co-existence of the "tristiculum" and "subpinnatum" leaf form in a number of populations in Malesia determined the form rank to be more appropriate.
Syrrhopodon armatus Mitt. [Calymperaceae]
Bartram (1933) described Taxithelium mundulum as a perplexing species from a taxonomic viewpoint on account of the variation in the papillae of the leaf cells. In some plants these papillae are well developed, but in others they are either so minute as to be scarcely visible or entirely wanting (Bartram 1933) . We confirm this observation with our recent collections of this species from Kauaʻi Island. Indeed, it takes patience to search for the minute papillae on the leaf cells. The best location to see the series of minute leaf cell papillae is on the folded side of a leaf near the branch tip. Unfortunately, Câmara (2010) who claimed not being able to see the tiny leaf cell papillae proposed a transfer of this species to Sematophyllum which in our view is inaccurate. Our collections of this species from Kauaʻi also bear several sporophytes and the capsule wall shows only semi-collenchymatous exothecial cells. Furthermore, the alar cells of Taxithelium mundulum, though inflated in some leaves, are not of equal size and do not form a consistently well-organized basal row like the typical alar cells seen in the leaves of Sematophyllum species. We prefer to keep this species in Taxithelium pending a molecular confirmation of its generic affinity. Trachypodopsis is a large and showy genus of about five species worldwide. The rustybrown coloration of this moss is diagnostic and plants generally grow in large lax mats. Trachypodopsis serrulata var. crispatula was previously reported only from the island of Hawaiʻi (Staples et al. 2004) . Trachypodopsis auriculata (Mitt.) M.Fleisch. with a much broader distribution on several Hawaiian Islands differs from T. serrulata by its prominent leaf base auricles, leaves strongly plicate and leaf cells mostly smooth.
The genus Vesicularia is a large genus with many poorly understood species. In the Hawaiian Islands, only two species of Vesicularia are documented. Vesicularia inflectens was reported only for the island of Maui by Staples et al. (2004) and can be separated from V. perviridis (Ångstr.) Müll.Hal. primarily by being more glossy and larger in appearance.
Conclusion
At some point when conducting moss floristic inventory work one has to decide when it is time to make new records available to the broader bryological community. We realize that there remain additional mosses to discover on Kauaʻi but we also feel compelled to publish the data we currently have available. Nonetheless, we have determined that much inventory and collection activities remain in this most isolated island chain.
